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Disclaimer
The contents of this report were based on the best available information at the time
of publication.  It is based in part on various assumptions and predictions.
Conditions may change over time and conclusions should be interpreted in the light
of the latest information available.
For further information contact
Mr Mark Pridham
Rural Towns Program manager
Agriculture Western Australia
Locked Bag 4
Bentley Delivery Centre WA 6953
Telephone (08) 9368 3333
 Chief Executive Officer, Department of Agriculture Western Australia 2001
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Summary
A groundwater study was carried out in the townsite of Mullewa.  It aimed to
accelerate the implementation of effective salinity management options.  The study
consisted of a drilling investigation and installation of a piezometer network, a
pumping test, groundwater flow modelling and flood risk analysis.
Seven piezometers, 10 observation bores and one production bore were installed at
11 sites.  At the sites drilled, bedrock depth varied between 3 and 34 m.  At most
sites, the bedrock was gneiss, but quartz was found at two sites.  The regolith
profiles were typically 2 to 4 m of soil and colluvium over saprolite, and at many sites,
the base of the soil and colluvium profiles and the top few metres of the saprolite
profiles were indurated.
The watertable was between about 1 and 8 m below ground surface at the
monitoring sites.  The sites with the shallowest groundwater were along the
catchment's drainage line.  Groundwater electrical conductivity values were low.
Only one site had a value above 1,000 mS/m, and samples from four piezometers
had values below 200 mS/m.
The 18-hour pumping test produced small drawdowns (about 0.2 m) at a site 40 m
from the production bore. (The pumping rate was 0.25 L/s.)
The groundwater system below the town appears to exist in regolith in a basin
etched into the basement rock.  It is likely that groundwater outflow from the basin is
restricted.
The recharge causing the shallow groundwater problems is likely to be occurring
within the townsite.  There is not yet enough data to tell when and where most
recharge occurs, so long-term monitoring of groundwater levels is required.
Opportunities exist to reduce the amount of recharge occurring within the townsite,
and some of these would have additional benefits.  In addition, groundwater pumping
may be worthy of further investigation.  It was recommended that the current and
future costs of salinity in the townsite be assessed and used to determine an
appropriate level of investment in management schemes.
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1. Introduction and background
Authors:  Russell Speed and Ali Mahtab (Agriculture Western Australia) and Cahit
Yesertener and Shawan Dogramaci (Water and Rivers Commission)
The Rural Towns Program commissioned a groundwater study of the Mullewa
townsite.  It was part of a larger investigation (called the Community Bores Project)
that covered 23 towns and aimed to accelerate the implementation of effective
salinity management options.
The study for Mullewa consisted of a drilling program and installation of a piezometer
network, a pumping test, groundwater flow modelling and flood risk analysis.  This
report documents the background information for the town and its catchment
(Sections 1.1 to 1.6) and the hydrogeological and flood risk investigations
(Sections 2 to 4) and then recommends steps for managing the salinity issues of the
town effectively (Section 5).
Rising saline groundwater is of concern in low-lying areas of Mullewa, and its
drainage line is saline because groundwater discharges as baseflow.  Damage to
town facilities includes rising damp within buildings and basement flooding;  street
surface and culvert degradation;  and overflowing septic systems.  Floods have also
caused damage.
Mullewa is 380 km north of Perth and 90 km east-north-east of Geraldton (see
Figure 1-1).  The district was settled in the 1890s and the current town population is
about 700.
Mullewa is famed for the distinctive Church of Our Lady of Mount Carmel and Saints
Peter and Paul, designed and built by John Hawes.
Figure 1-1.  Regional setting of Mullewa townsite
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1.1 Description of the town catchment
Most of the Mullewa townsite is in the lower portion of a 290 ha catchment that varies
in elevation from 318 to 260 m above Australian Height Datum (AHD).  Much of the
townsite lies below 280 m AHD; only the north-eastern portion of the town is higher.
Townsite development covers about one third (105 ha) of the catchment area.  The
remainder retains a cover of native vegetation with the exception of a 24 ha roaded
catchment which directs run-off into the town dam (Figure 1-2).
Figure 1-2.  Location of the Mullewa townsite in its catchment
1.2 Geology
Mullewa is about 2.5 km east of the Darling Fault on Archaean basement of the
Yilgarn Craton (Muhling and Low 1977).  The granitic basement is predominantly
gneissic in character and intruded by dolerite dykes.  The basement rock-type varies
greatly over short distances, as can be seen in the railway cutting south-west of the
town (Figure 1-2).  As Whincup (1965) reported, “mapping of this cutting indicated
that no detailed geological map of the area could be prepared because of the rapid
alteration and variety of the rock types”.
The regolith is predominantly skeletal residual soils and colluvium, and is of variable
depth (Whincup 1965).  Bedrock is exposed at several slope sites in the town's
catchment.
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1.3 Climate
Most rain in Mullewa falls in winter and summers are hot and dry.  Mullewa receives
an annual average rainfall of 343 mm, 77 per cent of which falls from April to
September inclusive (Bureau of Meteorology 2000).  However, summer rainfall
events can be significant.  The highest recorded daily rainfall was 138 mm in
February 1994.
1.4 Drainage
The main streamline draining the catchment (Figure 1-2) enters a buried culvert on
the south-western edge of the town.  It discharges to the surface 880 m downstream
on the north-eastern edge.  The exact route of the culvert is unknown but probably
coincides with the low-lying area through the central business district of the town.
Mullewa has experienced flooding and surface water control problems, particularly
from episodic summer rain events.  Considerable effort has been expended in recent
years on construction of surface water diversion structures.
1.5 Hydrogeology
In the past, Mullewa depended on groundwater from bores and wells within the town.
Whincup (1965) completed a program of census work and geological mapping within
a 19 km radius of Mullewa to locate additional groundwater to supply the town.  He
described the townsite as situated in a small basin in the granitic rocks.  Domestic-
quality groundwater occurred throughout the small basin with most bores and wells
concentrated on the northern slopes of the basin in the residential part of the town.
However, over-pumping of bores and wells had gradually dewatered the basin, with
groundwater levels falling and groundwater salinities rising.  In the absence of
additional local sources of domestic water, a pipeline was built in the late 1960s to
deliver water from Wicherina, about 55 km south-east of Mullewa.
Delivery of reliable water supplies probably led to the abandonment of local
groundwater abstraction.  Groundwater levels in the small basin have recovered and
are now close to the surface in low-lying parts of the townsite, causing salinity
problems and concern.
1.6 Water supplies and waste water
The Water Corporation imports water into the town.
The town relies on septic systems, but liquid effluent from some sites is piped to an
effluent pond that is downslope of the townsite, to the north-east.
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2. Hydrogeological investigation
Author:  Russell Speed (Agriculture Western Australia) and Fay Lewis (Fay Lewis
Consulting)
Investigation aimed to determine which salinity management options would be most
effective in Mullewa.  The investigation included a drilling program coupled with the
installation of a groundwater monitoring network, a pumping test and groundwater
flow modelling.  The methods used, the results and the interpretations of the results
are described in Sections 2.1 to 2.3, and management options are discussed in
Section 2.4.  The effects of some of these options were then tested using a
groundwater flow model (Section 3).
2.1 Method
The following information was used during drill site selection and to assist geology
and hydrogeology interpretations:
• geological maps at 1:250,000 scale with explanatory notes (Playford et al. 1970;
Muhling and Low 1977);
• land resources survey data including 1:250,000-scale soil-landscape map and
report (Rogers 1996);
• aerial photography taken in 1995 at nominal scale of 1:25,000 (produced by
Department of Land Administration);
• rectified satellite imagery from 1996 at scale of 1:100,000 (produced by
Department of Land Administration);
• 2 m elevation contours generated from digital elevation models (produced by the
Spatial Resource Information Group, Agriculture Western Australia);
• cadastre (produced by Department of Land Administration);
• hydrology report for Mullewa town water supply (Whincup 1965).
One production bore, seven piezometers and 10 observation bores were established
at 11 sites for the Community Bores Project investigation during May 2000.
Piezometers were not installed where the profile to granitic basement was less than
10 m deep.
2.1.1 Drill site selection
Drill sites were selected to form a grid across the area of the town considered to be
most at risk from salinity (Figure 2-1).  The grid pattern for Mullewa was designed to
construct three cross-sections - one along the main natural catchment drainage, and
two across the main natural drainage course.  An additional site was selected on
Molster Street where the footpath appeared salt-encrusted (Figure 2-1).
The production bore site was selected after installation of the monitoring sites as
choice of position depended on anticipated yield.
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Figure 2-1.  Locations of piezometers, observation bores and production bore and
groundwater level depths (in metres below ground level) on 11 July 2000
and groundwater salinity (as electrical conductivity in milliSiemens per metre)
on 26 July 2000, and locations of cross-sections in Figures 2-2 to 2-4
2.1.2 Drilling methods
The monitoring sites were drilled by reverse circulation 'air-core' with a 141 mm-
diameter bit.  Cores up to 100 mm long were recovered from some indurated
sections of the profile.
A pilot hole for the production bore was also drilled using reverse circulation air-core
and a 141 mm-diameter bit.  The rig was then converted to use mud rotary methods
and the hole was reamed out with a 216 mm-diameter tri-cone bit.
2.1.3 Piezometer, observation bore and production bore construction
Piezometers and observation bores were constructed with 50 mm-diameter class 12
PVC casing.  The intake section was machine slotted.  The production bore was
constructed with 125 mm-diameter class 9 PVC casing.
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Piezometers were screened over the bottom 2 metres (except 00MW09D, which has
a 4-metre screened interval).  The annuluses around the intake sections were
packed with '8x16' graded gravel (1.2 to 2.4 mm diameter).  Bentonite pellets were
used to seal the annuluses above the screened interval.  The annuluses were then
back-filled to ground surface with the graded gravel.  Headworks were completed
with a lockable steel collar set in cement.
Observation bores were screened over the bottom four metres (except 00MW08
which has a two-metre screened interval) and the annuluses back-filled to the
surface with '8x16' graded gravel.  Headworks were completed with a galvanised
steel collar, with threaded end-cap, set in cement.
The production bore was screened over the bottom 24 m and the annulus back-filled
to ground surface with '8x16' graded gravel.  Headworks were completed with a
lockable steel collar set in cement.
Drilling details are listed in Table 2-1.
2.1.4 Drill sample analyses
Drill samples were collected and described over one-metre increments.  Samples
were oven-dried at 60°C.  Descriptive logs were recorded and are available at
<http://www.agric.wa.gov.au/environment/links/RMtechreports/>.
Duplicate chip trays were prepared for all profiles.  One set of chip trays is stored at
the Geraldton office of Agriculture Western Australia;  the other was presented to the
Shire of Mullewa.
2.1.5 Groundwater monitoring and sample analyses
Piezometers, observation bores and the production bore were developed by 'air-
lifting' (that is, injecting compressed air down them) when it was warranted at the
completion of construction.  Groundwater yields were estimated by timing how long it
took to fill a bucket of known volume from water discharged from the constructed
piezometer or observation bore by air-lifting.
Groundwater levels were measured and samples were collected as part of routine
monitoring.  Samples were analysed for electrical conductivity (EC) at Agriculture
Western Australia laboratories in South Perth.  Results are stored on the Agriculture
Western Australia AgBores database.
2.1.6 Surveying
All drill sites were surveyed using a differential global positioning system.  The
horizontal and vertical errors were estimated to be less than ±15 cm.  Site details are
listed in Table 2-1.
The two transects across the main natural catchment drainage course were profiled
with an automatic level, staff and a measuring wheel.
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2.1.7 Pumping tests
Multi-rate and constant-rate pumping tests were carried out by Test Pumping
Australia to establish aquifer parameters.  The test methods are described in
Appendix 1.
2.2 Results
2.2.1 Profile descriptions
Detailed drill logs are available at <http://www.agric.wa.gov.au/environment/links/
RMtechreports/> and the cross-sections in Figures 2-2 to 2-4 illustrate the profiles.
The profiles were typically 2 to 4 m of soil and colluvium over in situ saprolite.  The
depth to basement varied from 3 m at site 00MW08 to 34.5 m at 00MW09
(Table 2-1).  At many sites, the bedrock was crystalline rock with gneissic banding,
but quartz (assumed to be vein quartz) was found at sites 00MW02 and 00MW07.
Commonly, the base of the soil and colluvium profiles and the top few metres of the
saprolite profiles were indurated.  Core retrieved from 3 to 4 m below surface at site
00MW05 shows complete alteration of feldspars to kaolin, but a clear, steeply-
dipping gneissic fabric was retained in very hard material cemented with silica.
Most of the saprolite profiles were pallid.  Saprolite profiles exhibiting pale yellow to
yellow-green colouring corresponded to elevated levels of mafic mineral grains in the
underlying granitic basement.
Figure 2-2.  Hydrogeological cross section along main drainage line through Mullewa
townsite (see Figure 2-1 for location)
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Figure 2-3.  Hydrogeological cross-section across the main catchment drainage
direction (see Figure 2-1 for location)
Figure 2-4.  Hydrogeological cross-section across the main catchment drainage
direction along the north-eastern edge of Mullewa townsite (see Figure 2-1
for location)
Site 00MW05 (Figures 2-2 and 2-3) has a relatively deep saprolite zone and Figure
2-3 indicates this area is a small basin of more deeply-weathered material.  The
production bore was located within this basin close to sites 00MW09 and 00MW05.
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2.2.2 Groundwater levels and electrical conductivity values
Groundwater depths and elevations are listed in Table 2-1 and the change in
groundwater levels and EC values across the townsite are illustrated in Figure 2-1.
Watertable depth ranged from 1.29 to 8.02 m below ground surface on 11 July 2000
(Figure 2-1, Table 2-1).  The shallowest watertable was measured in the middle of
the town at site 00MW02.  This site also had shallow (about 7 m deep), quartz-rich
basement rock.  The regolith thins down-gradient from site 00MW01 to 00MW02,
causing a localised groundwater mound.
There appeared to be weak upward hydraulic heads along the main catchment
drainage line (groundwater levels in nested piezometers and observation wells
differed by less than 0.2 m), except at the north-eastern edge of the townsite (site
00MW07), where the groundwater level in the observation well was slightly higher
than that in the piezometer.  Downward hydraulic heads (between about 0.5 and
1.5 m difference in groundwater levels in nested piezometers and observation wells)
were present at sites elevated above or off-set from the principal drainage course
(Figure 2-1).
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Table 2-1:  Site, drilling, construction and groundwater details for the piezometers, observation bores and the production
bore (groundwater levels were measured on 11 July 2000;  groundwater samples were taken on 26 July 2000)
Drill hole
name Easting Northing
Ground
elevation
above AHD#
Bedrock
depth
Screened interval
elevation above
AHD#
Groundwater level depth
below ground level
(elevation above AHD#)
Groundwater
EC##
Estimated
yield
(mE) (mN) (m) (m) (m) (m) (mS/m) (m3/day)
00MW01D 354078.9 6841702.5 274.4 20.5 254.0-256.0 1.28 (273.1) 200 20
00MW01OB 268.2-272.2 1.36 (273.1) 760
00MW02OB 354217.4 6841907.6 272.3 7.5 264.8-268.8 1.29 (271.1) 320
00MW03D 354096.6 6842158.6 276.6 20 256.8-258.8 3.87 (272.7) 660 90
00MW03OB 270.3-274.3 2.27 (274.3) 470
00MW04D 354424.4 6842201.0 269.3 22 247.3-249.3 2.64 (266.6) 480 ~1
00MW04OB 262.9-266.9 2.04 (267.2) 2240
00MW05D 354500.8 6842084.7 269.0 32 237.1-239.1 1.73 (267.3) 80 10
00MW05OB 263.2-267.2 1.84 (267.2) 440
00MW06D 354416.4 6842485.5 269.9 33.3 236.9-238.9 5.70 (264.2) 190 <1
00MW06OB 264.0-268.0 4.94 (264.9) 870
00MW07D 354646.4 6842353.3 265.7 13.2 253.0-255.0 2.10 (263.6) 330 ~1
00MW07OB 259.9-263.9 1.94 (263.8) 770
00MW08OB 354844.3 6842100.2 271.8 3 (?) 269.2-271.2 Dry
00MW09D 354462.3 6842106.5 269.0 34.5 236.1-240.1 1.71 (267.3) 270 20
00MW09OB 263.2-267.2 1.83 (267.2) 700
00MW10OB 354675.2 6841944.3 274.1 9 265.6-269.6 8.02 (266.0) 400
00MWP1 354464.0 6842087.5 269.2 32 239.6-263.6 1.72 (267.5) 180 40
Note:  #:  AHD – Australian Height Datum;  ##:  EC – electrical conductivity
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Groundwater salinities ranged from 80 to 2,240 mS/m on 26 July 2000.  However,
only one measurement exceeded 900 mS/m and the average salinity was 550 mS/m
(Figure 2-1, Table 2-1).  Samples from four piezometers had values below
200 mS/m.
2.2.3 Estimated yields, pumping test drawdowns and aquifer parameters
The parts of the profiles tapped by the intake sections of the piezometers and
observation bores had low estimated yields (less than about 20 m3/day) with the
exception of 00MW03 (Table 2-1).
The yield of the production bore estimated during development was about 40 m3/day,
which broadly agreed with the long-term abstraction rate of 0.3 L/s (about 26 m3/day)
suggested by Test Pumping Australia (Appendix 1).  The constant rate pumping test
used a rate of 0.25 L/s (about 22 m3/day) and ran for 18 hours, by which time the
drawdown appeared to have reached steady-state (Figure 2-5).  Early drawdown
increments (up to about 7 minutes) in the constant rate test were relatively small and
may have been due to well storage effects.
Figure 2-5.  Semi-log plot of the production bore drawdown versus time for the
constant rate test
The shape of the 'cone of depression' could not be determined from the available
monitoring piezometers and observation bores.  Small drawdowns were evident up to
about 37 m away (at site 00MW05) from the production bore (Figure 2-6).  The plot
in Figure 2-6 also indicates that the degree of vertical hydraulic connection varied
over short distances.
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Figure 2-6.  Semi-log plot of drawdowns in monitoring piezometers at about 20 m
(site 00MW09) and 37 m (00MW05) lateral distance from the production bore
versus time for the constant rate test
The transmissivity of the pumped aquifer was estimated to be about 6 m2/day (giving an
average hydraulic conductivity of about 0.2 m/day) for the whole profile (Appendix 1).
2.3 Interpretation and discussion
This section presents an interpretation of the recharge, groundwater flow and
discharge processes affecting Mullewa, based on the available information.  It then
discusses the risk of further salinity and the options for managing it.
2.3.1 Recharge
A simple zoning system for considering the sources of groundwater recharge
affecting a townsite was applied to the towns in the Community Bores Project.  It is
described and then applied to Mullewa.  There is also a brief discussion of recharge
rates.
2.3.1.1 The three recharge zones
The following comments assume that the recharge that causes groundwater to rise
below townsites can occur in three 'zones':
1. the townsite itself;
2. the slopes directly above the townsite;  and
3. the valley floor downslope of the townsite.
Within the townsite zone, the contribution of water can come from:
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• direct recharge from rain infiltrating into the ground where it falls;
• recharge from imported water supplies (e.g.  leakages from pipes and storage
facilities, overwatering, septic systems);
• indirect recharge below ponding areas which collect surface run-off generated
on the slopes above the town and on the hard surfaces within the town;  and
• indirect recharge below flowing surface water (seasonal creek flows, overland
flow and unusual floods).
Recharge occurring on slopes above a townsite can affect groundwater levels
below the town if the groundwater systems are connected.  In most cases, the
source of the recharge will be rain falling on the slopes and may be direct or indirect.
The groundwater system below a valley floor downslope of a townsite can affect
the groundwater levels below the townsite in two ways.  Rising valley groundwater
levels may:
• cause the valley floor system to 'encroach' under the town;  and
• inhibit the outflow of groundwater from below the town.
Again, the degree of connection between the groundwater bodies below the two
zones will influence the magnitude of the effect of the downslope zone on the
townsite groundwater levels.  Groundwater levels in the downslope zone may be
influenced by rain falling on the zone, surface water flowing into the zone from the
town and the slopes above the town, and surface water and groundwater flowing in
from other areas.
The relative importance of these three zones differs from town to town but cannot be
quantified with only the available data.  Also, the importance of the different recharge
processes will vary from year to year and from season to season.  However, one
generalisation can be made.  If a townsite (or part of a townsite) clearly has
negligible groundwater input from either slopes above or a valley floor below, but still
has problems caused by high groundwater levels, then it can be concluded that the
water causing the problems is recharged solely within the townsite (or that part of the
townsite).
2.3.1.2 Mullewa recharge zones
In Mullewa, it seems particularly reasonable to infer that the recharge within the
townsite zone is important because:
• the watertable is shallow below much of the townsite so a relatively high
proportion of infiltrating water can become recharge before plants have the
opportunity to use it or evaporation of soil water occurs;
• although the town is built on sloping land, which could imply that a high
proportion of rainfall becomes run-off and exits the townsite, flooding within
the townsite has occurred (see Section 4).
In the absence of groundwater data, the topography and land uses within the town's
catchment can be used to infer whether the slopes above and the valley floor below
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the townsite are also likely have important influences on groundwater levels within
the town.  The town is near the catchment divide, so the area of slopes above the
town is relatively small.  Most of the slopes zone is either still under natural
vegetation or is used to harvest surface water.  It is unlikely that the recharge below
the natural vegetation has changed since settlement, and the recharge below the
roaded catchment should be negligible.  The implication is that recharge below the
slopes above the town of Mullewa is not responsible for groundwater problems within
the townsite.
The elevation of the valley floor downstream of the townsite is about 3 m lower
than the watertable at site 00MW07, so it is unlikely that groundwater from below the
valley floor flows towards the townsite.  If groundwater below the valley floor and the
townsite are in hydraulic continuity, then outflow from the townsite is unlikely to be
inhibited by lack of gradient, because of the differences in elevation.
In summary, the recharge causing the shallow groundwater problems is likely to be
occurring within the townsite.  Long-term, frequent and regular monitoring of
groundwater levels is required to determine when and where most recharge occurs.
Therefore, the network is a valuable asset.
2.3.2 Groundwater flow systems
The hydraulic head pattern indicated groundwater flow directions coincided with
topographic slope directions.  However, lateral hydraulic gradients are relatively weak
and, combined with the low hydraulic conductivities indicated by the estimated yields,
imply that lateral groundwater flow velocities are negligible.  In such a steep
landscape, such low lateral flows are most easily explained by a restriction to
groundwater outflow.  The town's surface catchment is much narrower near its outlet
than elsewhere (Figure 1-2).  If the groundwater catchment has a similar form, then
outflow would be constricted laterally.  In addition, the cross-section in Figure 2-2
shows that the regolith thins markedly between sites 00MW05 and 00MW07, which
also implies a decrease in transmissivity of the aquifer.  Therefore, Whincup's (1965)
suggestion that the groundwater below Mullewa existed in a 'basin' appears valid.
The inference is that most recharge occurring within the townsite remains within the
groundwater 'basin' below the town.
2.3.3 Assessment of salinity risk
The existence of shallow groundwater in a basin which was 'pumped dry' a few
decades ago is evidence that recharge has exceeded groundwater discharge from
the system, causing groundwater levels to rise.  It is not known whether the
groundwater levels are still rising, and if so, at what rate.  If the watertable is still
rising, then problems caused by shallow groundwater are likely to spread outwards
from the low-lying areas.  Regular, frequent (at least monthly) long-term monitoring of
the network of piezometers and bores are required in order to assess the risk.
2.4 Management options
Options for managing groundwater within the Mullewa townsite include recharge
reduction and groundwater abstraction.
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2.4.1 Recharge reduction
There are opportunities to reduce the amount of recharge within the townsite, and
some of these have additional benefits.  They include:
• checking for and mending leaks from water pipes, drains, culverts, dams and
pools;
• monitoring the amount of water required by gardens, parks and sports
grounds and avoiding overwatering;
• encouraging residents to replace some of their imported water supplies with
water harvested from their own hard surfaces (roofs, drives);
• preventing surface water from ponding in areas where it may become
recharge;
• growing perennials on any bare land;
• replacing septic systems with a sewer system.
The Water Corporation has an interest in reducing wastage of the water it supplies,
and could be approached for assistance with some steps.
2.4.2 Groundwater abstraction
Groundwater abstraction by pumping from bores may be an effective option for
managing groundwater levels in some towns.  However, groundwater drainage is
unlikely to be effective as it only lowers groundwater levels along narrow zones either
side of the drain.  In the past, groundwater levels were lowered by residents who
withdrew more water than was recharged on an annual basis.  But, the pumping test
results suggested that the effects of a single pump would not extend far from the
production bore.  These factors imply that a large number of bores, spread around
the townsite, pumping at low rates, could reduce the current groundwater problems.
However, because groundwater abstraction is expensive, may cause settlement
damage to town buildings and infrastructure, and the pumped water has to be
carefully used or evaporated to avoid causing groundwater problems elsewhere, the
option needs careful and thorough investigation before being implemented.
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3. Groundwater flow modelling
Authors:  Cahit Yesertener and Shawan Dogramaci (Water and Rivers Commission)
Section 2 discussed a combination of management approaches that could be
effective in Mullewa.  This section describes a computer groundwater model which
was constructed to assess the impacts of a selection of possible strategies.
Note that the modelling was based on limited data and a large number of
assumptions and the results should be viewed with great caution (see
warnings in Section 3.4).
Firstly, a suitable conceptual model was constructed based on the results of the
drilling investigation (Section 2) and topographic and climatic data.  This
conceptualisation was adapted to the three-dimensional groundwater flow simulation
program Visual MODFLOW 2.8 (Waterloo Hydrogeologic 2000) and the modelled
head was calibrated against observed groundwater levels.  The model was then
used to simulate the effects of three different strategies:  'do nothing differently' to
determine the impacts of inaction, groundwater abstraction by pumping, and
groundwater abstraction by drainage.
Sections 3.1 and 3.2 describe the construction of the conceptual and computer
models and the calibration of the computer model.  The strategy simulations and
their results are presented in Section 3.3 and their limitations are discussed in
Section 3.4.
3.1 Model construction and conceptualisation
Conceptually the groundwater model consisted of two layers, which were: the
unconfined/semi-confined colluvium and pallid zone of the weathered granitic rocks;
and the leaky or semi confined saprolite of the weathered granite as defined by the
hydrogeological investigation (Section 2).
Inflow and lateral flow boundaries of the model domain are illustrated in Figure 3-1.
The model domain covered an area of 3.24 km2.  This area incorporated the majority
of the bores in the townsite.  Each cell in the domain was 20 m2, resulting in
90 columns and 90 rows, a total of 8100 cells.  The top of the unconfined/semi
confined layer was taken as the land surface, which was extracted from 2 m-contour
digital elevation models for the catchment (map sheets 20404NW, produced by
Spatial Resources Information Group, Agriculture Western Australia).
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Figure 3-1.  The boundary conditions (the broad dark line in the top right is the
outflow boundary; the short dark lines along the bottom edge are the inflow
boundaries; the left hand edge is a no-flow boundary; scales along axes are
in metres)
The bore log data together with depths to the bases of the pallid zone and bedrock
were interpolated by kriging and then assigned to each model node.  The inflow
boundary in the southern part of the townsite was simulated as a constant head
while the outflow boundary to the north-east was simulated through a general head
boundary (GHB).  Due to parallel lines of equipotential running from north to south
the western boundary was taken as a no-flow boundary.  Bedrock outcrop and highs
resulting in shallow regolith, especially on the upper slopes of the townsite, were
assumed to be inactive, either as a consequence of absence of water-bearing
materials or saturated thickness.  Three recharge rates ranging from 15 to 30 mm
were applied to the model based on the topography and soil properties that were
delineated from the hydrogeological investigation (Section 2).  The topographic
zones include low-lying areas, mid-slope areas and the upper slopes.  The weighted
average recharge rates for the three zones was 6.5 per cent of the annual average
rainfall, which was taken as 343 mm/year (Bureau of Meteorology 2000).
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3.2 Steady-state model calibration
Calibration of the steady-state model was accepted with a correlation coefficient of
0.98.  The standard error of estimate was 0.169 m (Figure 3-2).  The initial hydraulic
conductivities for the two layers were estimated using the soil and lithological
descriptions from the drilling survey and the pumping tests (Sections 2).  Based on
the lithological descriptions, the hydraulic conductivities of both layers vary spatially
depending on topography and the landform characteristics as shown in the west to
east cross-section (Figure 3-3).
Figure 3-2.  Model calibration and statistical parameters – calculated heads versus
observed heads
The recharge rate required to achieve the best calibration was about 6 per cent of
annual rainfall, or 21 mm/year.
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Figure 3-3.  Hydraulic conductivity zones used in model calibration (axis scales are in
metres, represents a south-west to north-east section)
Depths to the watertable for the calibrated model are given in Figure 3-4.  Travel
paths over the townsite range from less than 25 years along the valley to a maximum
of 100 years.  Figure 3-4 shows the watertable under the natural drainage line is
generally shallow – less than 0.5 m below ground surface.
Figure 3-4.  Depth to watertable (in metres) for the calibrated model (boundary
scales in metres, top of map is north)
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Figure 3-5.  Shallow groundwater level elevations above AHD for the calibrated
model (boundary scales in metres, top of map is north)
3.3 Dynamic simulations of strategies
The dynamic simulations extended over 30-year periods.  The north-east GHB for
the transient simulation was fixed over the simulation period while along the southern
boundary it was assumed that the watertable would rise at a rate of 0.1 m/year.  This
was based on watertable trend analysis that showed a general rise of groundwater
by 0.1 m/y in the surrounding catchments (Nulsen 1998).
3.3.1 'Do nothing differently' strategy
The ‘do nothing differently’ scenario implies that no management of the groundwater
system will take place and therefore, the watertable would be recharged at the
average calibrated rate of 21 mm/year until it reached equilibrium.
Under current management practices it was predicted that approximately 17 per cent
of the active modelled area would eventually develop watertables less than 0.5 m
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below the ground surface (Figure 3-6).  The areas most at risk are below the break-
of-slope along both sides of the creek and the natural drainage channel that drains
through the town to the creek.
Figure 3-6.  Depth to watertable (in metres) after 30 years under the 'do nothing
differently' strategy (boundary scales in metres, top of map is north)
3.3.2 Groundwater pumping strategy
Groundwater abstraction through a bore field of 12 bores was tested in the model as
a potential management option.  The abstraction wells were placed in low-lying areas
where groundwater was 1 m or less from the ground surface in the model area.  The
sustainable yield from the pumping was established at about 25 m3/day
(Section 2.2.3) and, therefore, each bore was assigned a discharge rate of
25 m3/day.
The modelling indicated that the well field configuration shown in Figure 3-7 would be
adequate to lower the groundwater level to a depth of 3 m or more beneath the
natural drainage channel that flows through the town.
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The temporal and spatial impact of the modelled groundwater pumping is shown in
Figure 3-7.  The groundwater level beneath the town fell at rates between 2 m over
30 years and 5 m over 30 years.  The saline groundwater was below the critical level
(1.5 m depth) along the low-lying area after 30 years.
Figure 3-7.  Depth to groundwater (in metres) after 30 years of pumping at 25 m3/day
from each of 12 abstraction bores (represented by solid crossed circles;
boundary scales in metres, top of map is north)
3.3.3 Groundwater drainage strategy
Groundwater abstraction through a north-east trending drain was also tested as a
potential salinity management option.  The modelled drain started from the south-
west corner of the town and combined with the creekline at the north-east (Figure
3-8).  The depth of the modelled drain was 2 m with a relatively high conductance to
allow groundwater to flow freely towards the drain.
The impact of the drain on shallow groundwater is shown in Figure 3-8.  The drain
lowered the watertable to the base of the drain after 30 years.  However, the
effective impact of the drain was limited to only one cell width (i.e. to 20 m each side
of the drain).
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Figure 3-8.  Depth to groundwater (in metres) along the drain after 30 years (top of
map is north; simulated drain is represented by the broad light grey lines
running north-eastwards through the town and north-westwards in the north-
east corner; boundary scales are in metres)
3.4 Warning - discussion of model
The groundwater modelling in Mullewa was undertaken using limited data and
information:
• Models should be calibrated for several dates to cover the range of
groundwater levels that occur.  Because of limited groundwater level data, the
model was only calibrated in steady-state against the heads measured on one
date.  The assumption of a steady-state groundwater system is inappropriate,
but represents the best method for applying a groundwater model to the town.
• Models should also be validated using independent data sets.  Since no
independent data were available, the model was not validated.
• The model results are sensitive to both the recharge rate and values of
hydraulic conductivity used, but the values used were only estimated from
limited information or assumed, not measured.
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• The model results are very dependent on digital elevation model (DEM) data
(which represents the land surface elevation) and on the locations of the
inflow and outflow boundaries.  It is possible that there are inaccuracies in the
DEM data set and the locations of groundwater inflow and outflow were only
assumed, not measured.
• Rates of groundwater rise along parts of the model boundaries were
assumed, although it is not known whether they are stable or rising over the
long-term, or how the rates vary along the boundaries.  If the rate of
watertable rise is quicker or slower than the rate assumed, then the effects will
be correspondingly sooner or later.
Therefore, the results from the modelling are indicative only and may not represent
what is happening in the town.
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4. Flood risk analysis
Author:  Ali Mahtab (Agriculture Western Australia)
4.1 Introduction
Surface water run-off from heavy rains periodically causes severe flooding in the
town of Mullewa.  The issues of surface water control and rising watertable were
highlighted during the wet years of 1994 and 1999.
No hydrological investigation relating to surface water hydrology has been
undertaken for Mullewa.  However, the application submitted by the Shire of Mullewa
for Rural Towns Program funding had a brief description of the flooding problems of
the town.
4.2 Objective of this study and approach
The objective of this part of the Community Bores Project was to assess the flood
risk (high, moderate or low) of the town.  This was done by calculating the peak flood
flow generated by the catchment of the town (at a point just downstream of the
townsite) and the volume of run-off that could be generated within the townsite, and
comparing these with the flow accumulation characteristics of the catchment.
The Urban Drainage Design (UDD) model was used to calculate peak flows for the
catchment because it accounts for the spatial variation in flow rates across
catchments, whereas some other methods (e.g. Rational and Time-Area
approaches) assume flow is uniform across catchments.  The UDD model also
allows precipitation rate, catchment slope, surface roughness, interception,
depression storage, infiltration and evaporation to be considered.  The procedures
used are discussed in detail in Ali et al. (2001).
The catchment peak flows and the townsite run-off volumes were calculated for 1-, 6-
and 24-hour rainfall storms for 2-, 5-, 10-, 20-, 50- and 100-year average recurrence
intervals (ARIs) based on historical events.
4.3 Input data
The information required to run the UDD model and calculate the run-off volumes
was derived from available sources and from a site visit.
4.3.1 Available information
The following information was collated for the Mullewa catchment:
• rainfall intensities (estimated from Institution of Engineers 1987);
• 2-metre elevation contours derived from a digital elevation model (DEM)
produced by the Department of Land Administration.
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A grid of the study area was derived from the digital elevation model and this was
used to predict flow directions, flow accumulations, streamlines, watershed
boundaries, and slope and length of the streams.  Details of the procedures used to
create the grid of the study are given in Ali et al. (2001).
Observations made during the site visit and interpretations of aerial photographs and
the elevation contours were used to derive the following:
• area of catchment (pervious and impervious);
• area generating high run-off;
• area generating high recharge;
• infiltration (maximum and minimum likely rates);
• roughness coefficient (Manning’s n).
A report by Ali et al. (2001) contains descriptions of how the information was used in
the UDD model and how run-off volumes for the town catchment were estimated.
Run-off volumes were calculated separately for the 'pervious' parts of the town and
for the 'impervious' (i.e. high run-off generating) areas using run-off coefficients of
0.1 for the former and 0.9 for the latter.
4.4 Model calibration
To ensure that the best results are obtained using UDD modelling, the model should
be calibrated using actual flow data.  However, as there is no gauging station in the
Mullewa town catchment, parameters used for a calibrated model derived for the
Moora townsite (Ali et al. 2001) were substituted.
4.5 Results
Results of peak flow and run-off calculations are summarised in Tables 4-1 and 4-2.
Table 4-1.  Peak flood flow for 2-, 5-, 10-, 20-, 50- and 100-year ARI storms for
the catchment of the town of Mullewa
ARI (years) Peak flood (m3/s)
2 15.5
5 24.2
10 46.7
20 61.2
50 73.4
100 81.9
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Table 4-2.  Run-off volumes for pervious and impervious areas of the townsite
generated by rainfalls of various ARIs, durations and intensities
Run-off volumeAverage
recurrence
interval
Rainfall
duration
Rainfall
intensity Rainfall 'Pervious'
area
'Impervious'
area
(years) (h) (mm/h) (mm) (m3) (m3)
20 1 33.00 33.00 2,080 12,470
6 10.00 60.00 3,780 22,680
24 3.50 84.00 5,290 31,750
50 1 40.00 40.00 2,520 15,120
6 12.00 72.00 4,540 27,220
24 4.30 103.20 6,500 39,010
100 1 46.00 46.00 2,900 17,390
6 14.00 84.00 5,290 31,750
24 5.00 120.00 7,560 45,360
4.6 Flood risk assessment
The criteria to classify a town's relative flood risk level were based on the calculated
rates of flow, and the accumulation potential of the townsite and the catchment
above the town.  The accumulation potential depends on the relative magnitudes of
the potential inflows and the potential outflows.  The peak flood flows for the
catchment for 20-, 50- and 100-year ARIs for storms of 24 hours duration were
compared to the catchment area, the accumulation potential of the catchment and
the flow generated within the townsite.  Table 4-3 shows the flood risk to the town of
Mullewa for 20-, 50- and 100-year ARI storm events of 24 hours duration.
Table 4-3.  Flood risk to the Mullewa townsite for 20-, 50- and 100-year ARI
storm events of 24 hours duration
ARI (years)
Peak flood flow
for entire
catchment
(m3/s)
Volume of
flood
generated by
townsite (m3)
Accumulation
risk
Flood
risk
Overall
flood
risk
20 61 37,040 Medium Medium
50 73 45,510 Medium High
100 82 52,920 Medium High
Medium
to high
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4.7 Recommendation
Mullewa is at overall medium to high risk from flooding.  It is recommended that a
detailed surface water management plan, including sub-surface drainage, be
developed for the townsite and contributing catchment.
4.8 Warning
The peak flood flow and run-off values estimated in this report should not be used as
inputs for the design of any engineering structures such as drains, culverts or
diversion banks as the input parameters used for this study would not be suitable for
such uses.  It is recommended that for any specific use the peak flood flow should be
estimated again for the conditions existing in the catchment at that time.  Detailed
descriptions of the input parameters for this study and their limitations are in Ali et al.
(2001).
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5. Conclusions and recommendations
Shallow groundwater is already causing damage in Mullewa, and most of the
recharge causing the problems occurs within the townsite.  Frequent, regular and
long-term groundwater level measurements are required to determine whether
groundwater levels are still rising, and where and when most recharge occurs.
However, there are opportunities for reducing recharge, some of which have
additional benefits, so it would be wise to adopt these immediately.  In addition, there
may be a role for groundwater pumping.
5.1 Recommendations
1. Reduce townsite recharge, giving particular regard to surface water
management.  Consider taking the steps listed in Section 2.4.1.
2. Measure groundwater levels in the monitoring network monthly and
analyse and review them annually.  Continue to do so for at least 10 years
to determine whether groundwater problems are worsening and where and
when most recharge occurs.
3. Assess the current and future costs of groundwater damage in the
townsite.
4. Use the results of the second and third steps to determine whether to
investigate groundwater abstraction further.
5. If groundwater abstraction is to be pursued, carry out a long-term pumping
test and use the results to model a range of pumping scenarios to
determine whether pumping will be effective, and if so, determine number
and locations of required production bores and the necessary pumping
rates.
6. If the fifth step indicates pumping would be effective in lowering
groundwater levels below the town, assess the geotechnical impacts that
groundwater abstraction will have on townsite infrastructure.
7. Assess the options for use or disposal of the pumped groundwater.
8. Determine costs of the pumping system, the costs of the damage it may
cause and the costs of use or disposal of the pumped water.
9. Decide whether to go ahead with groundwater abstraction.
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Appendix 1:  Pumping test
Author:  Ron Colman (Test Pumping Australia)
As part of the hydrological investigation of Mullewa, a pumping test was carried out in
the production bore.  It aimed to establish aquifer parameters for use in the
groundwater modelling study.
A1.1 Method
Test Pumping Australia was contracted to carry out and analyse the pumping test.
There were two parts to the test, which were performed on 13, 15 and 16 July 2000.
The first part was a multi-rate test (that is, a series of step increases in the pump
rate, with the discharge being maintained at a constant value within each step).  The
results of this part were assessed before setting the pump rate for the second part,
which was a constant rate test.
The static water level in the production bore before the multi-rate test began was
2.31 m below the reference point (which was 0.65 m above ground level).  The multi-
rate test was conducted on 13 July 2000 with four 30-minute steps at discharge rates
of 0.2, 0.3, 0.4 and 0.5 L/s.
The constant rate test started on 15 July 2000 and lasted 1080 minutes (18 hours) at
a pumping rate of 0.25 L/s.  The drawdowns in the production bore and in two deep
piezometers and two observation bores (at sites 00MW05 and 00MW09) were
measured at intervals throughout.  The rate of recovery of the water level in the bore
was measured at the completion of the test.
During the tests, the flow rate was monitored using an orifice weir assembly and
water levels were measured using an electric water level probe. Table A1-1
summarises relevant details.
Table A1-1.  Details of the pumping test
Pump inlet depth below ground level 29 m
Available drawdown in production bore 26 m
Pump Electric submersible
Computerised calculations of aquifer parameters were made.
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A1.2 Results
A1.2.1 Multi-rate test
The total drawdown in the production bore at the end of the multi-rate test was
10.49 m.  The multi-rate test data are presented in Figure A1-1 as a plot of
drawdown versus time for each of the four steps.
Figure A1-1.  Drawdown versus time for multi-rate test
A1.2.2 Constant rate test
Total drawdown in the test bore at the end of the constant rate test was 5.96 m.  The
drawdown data are presented and discussed in Section 2.2.3 of the report.
A1.2.3 Aquifer parameters
A summary of the calculated aquifer transmissivities is presented in Table A1-2 and
of other parameters and measurements made during the test in Table A1-3.
Warning:  The drawdown data were only analysed using computerised
methods designed for homogeneous, isotropic confined and unconfined
aquifers of large areal extent.  As the aquifer which was pumped does not fit
these criteria, the results should only be considered as indicative.
0.0
2.0
4.0
6.0
8.0
10.0
12.0
0 20 40 60 80 100 120 140
Elapsed time (minutes)
D
ra
w
do
w
n 
(m
)
Step 1
Step 2
Step 3
Step 4
Step 1 pump rate: 0.2 L/s
Step 2 pump rate: 0.3 L/s
Step 3 pump rate: 0.4 L/s
Step 4 pump rate: 0.5 L/s
MULLEWA GROUNDWATER STUDY
33
Table A1-2.  Production bore and monitoring site details and transmissivity
values (see 'Warning' above) calculated for the Mullewa production
bore and nearby piezometers (AHD:  Australian Height Datum; NR:
analysis not relevant)
Transmissivity (m2/day)
Bore name
Intake
interval
above AHD
(to nearest
metre)
Lateral
distance
from pump
(m)
Final
drawdown
(m)
Cooper and
Jacob (time-
drawdown)
Theis (curve
fitting)
Theis & Jacob
recovery
00MWP1 240-264 0.1 5.91 4 1 8
00MW09D 236-240 19.5 1.01 8 11 no data
00MW09OB 263-267 19.5 0.30 NR NR no data
00MW05D 237-239 36.5 0.18 14 11 no data
00MW05OB 263-267 36.5 0.13 NR NR no data
Table A1-3.  Summary of measurements and calculated parameters
Parameter or measurement Results
Saturated thickness (m) 27
Well loss Low – 10%
Electrical conductivity (mS/m) 194
Acidity (pH) 6.2
Safe yield (L/s) 0.30
Note:  Test Pumping Australia considered that the constant rate pumping test
indicated that the bore might be capable of maintaining a long-term abstraction rate
of 0.3 L/s.  At this rate, they expected that there would be drawdown effects from
pumping up to 250 m from the pumping bore.
Borehole 00MW01
UTM E354078.86 UTM N6841702.5 UTM RL274.41 UTM Grid:
RURAL TOWNS PROJECT
Hydrologist/Supervisor: RUSSELL SPEED
Town: MULLEWA
Notes/Location: Adjacent Drainage Line. 
Upslope of Town Centre
Date Drilled: 17/05/2000
Hole Depth (m): 20.5
Drill Method: RC
Hole Diameter: 141
Driller:
From 
m
  To  
m
Geology Moisture Water 
Level
0 1 Soil/Alluvium
Dark brown loam
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
1 2 Soil/Alluvium
Brown clayey loam.
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
2 3 Soil/Alluvium
Brown loam - grits/gravel toward 3m (mainly quartz).
OOOOOO
OOOOOO
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OOOOOO
OOOOOO

21/05/2000
3 4 Soil/Alluvium
Brown loam with grit/gravel (quartz) + clay aggregates.
OOOOOO
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OOOOOO
OOOOOO
OOOOOO
OOOOOO
4 5 Saprolite
Yellow/brown gritty light clay - micaceous clay.
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5 6 Saprolite
Yellow/brown gritty light clay - micaceous clay.
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6 7 Saprolite
Yellow/brown gritty micaceous clay.
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7 11 Saprolite
Yellow/brown gritty (coarse) micaceous clay - coarse grits with fresh mica minerals.
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11 12 Saprolite
Yellow-grey/brown gritty (coarse) micaceous clay.
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12 13 Saprolite
Grits smeared with brown clay - coarse grits with fresh mica minerals.
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,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
13 15 Saprolite
Yellow/brown coarse gritty micaceous clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
15 16 Saprolite
Yellow-grey/brown gritty micaceous clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
16 17 Saprolite
Grey gritty clay, coarse crystalline chunks with fresh biotite.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
17 18 Saprolite
Dark grey gritty clay with chunks of fresh crystalline basement.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
Page 1 of  2
Casing TypeHole Casing
 m
AGL 
m
Screen
 m
Material Screened Est. Yield SWL (m) SWL 2 (m) 
m3/d 21/05/2000
CLASS 12, 50MM PVC00MW01D 21.14 0.7 2 8-16 Gravel, Bentonite Seal 21 2.01
CLASS 12, 50MM PVC00MW01B 6.99 0.74 4 8-16 Gravel 2.15
Borehole 00MW01
UTM E354078.86 UTM N6841702.5 UTM RL274.41 UTM Grid:
RURAL TOWNS PROJECT
Hydrologist/Supervisor: RUSSELL SPEED
Town: MULLEWA
Notes/Location: Adjacent Drainage Line. 
Upslope of Town Centre
Date Drilled: 17/05/2000
Hole Depth (m): 20.5
Drill Method: RC
Hole Diameter: 141
Driller:
18 19 Saprolite
Saprolite grits - Dominated by quartz but also feldspar and biotite.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
19 20 Saprolite
Green/Grey gritty clay with chunks of fresh crystalline basement.
H  H  H  
H  H  H  
H  H  H  
H  H  H  
H  H  H  
H  H  H  
20 20.5 Crystalline Basement
Saprolite grits in dark green/grey clayey return.
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
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Casing TypeHole Casing
 m
AGL 
m
Screen
 m
Material Screened Est. Yield SWL (m) SWL 2 (m) 
m3/d 21/05/2000
CLASS 12, 50MM PVC00MW01D 21.14 0.7 2 8-16 Gravel, Bentonite Seal 21 2.01
CLASS 12, 50MM PVC00MW01B 6.99 0.74 4 8-16 Gravel 2.15
Borehole 00MW02B
UTM E354217.37 UTM N6841907.6 UTM RL272.34 UTM Grid:
RURAL TOWNS PROJECT
Hydrologist/Supervisor: RUSSELL SPEED
Town: MULLEWA
Notes/Location: Public Park
Date Drilled: 17/05/2000
Hole Depth (m): 7.5
Drill Method: RC
Hole Diameter: 141
Driller:
From 
m
  To  
m
Geology Moisture Water 
Level
0 1 Soil/Alluvium
Pisolitic gravel in brown loamy clay, gravel 3-10m.
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
1 2 Soil/Alluvium
Light brown gritty loam.
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
2 3 Calcrete
Calcrete - pale yellow calcareous hard layer.
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
3 4 Silcrete
Silcrete - Hard light grey to white.
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
4 6 Saprolite
Hard! - banded crystallline fabric - white quartz + feldspar or clear quartz + milky quartz.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
6 7.4 Saprolite
Pale yellow hard crystalline fabric.
H  H  H  
H  H  H  
H  H  H  
H  H  H  
H  H  H  
H  H  H  
7.4 7.5 Crystalline Basement
Pale yellow hard crystalline fabric. Mainly quartz chunks, becoming very hard - basement.
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
Page 1 of  1
Casing TypeHole Casing
 m
AGL 
m
Screen
 m
Material Screened Est. Yield SWL (m) SWL 2 (m) 
21/05/2000
CLASS 12, 50MM PVC00MW02D 8.29 0.7 4 8-16 Gravel 1.95
Borehole 00MW03
UTM E354096.63 UTM N6842158.6 UTM RL276.59 UTM Grid:
RURAL TOWNS PROJECT
Hydrologist/Supervisor: RUSSELL SPEED
Town: MULLEWA
Notes/Location: Mid Slope
Date Drilled: 17/05/2000
Hole Depth (m): 20
Drill Method: RC
Hole Diameter: 141
Driller:
From 
m
  To  
m
Geology Moisture Water 
Level
0 1 Soil/Alluvium
Pisolithic gravel + quartz grit (up to 10mm) in brown loam.
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
1 2 Hard Pan
Silcrete - mainly pisolithic ironstone gravels in cemented matrix.
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
2 3 Hard Pan
Silcrete - pisolithic gravels in siliceous cement matrix.
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
3 4.5 Hard Pan
Silcrete.
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
4.5 5 Saprolite
Pallid clay with very fine grits.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','

08/06/2000
5 6 Saprolite
Pale yellow to white gritty (fine) clay - insitu weathered fine grained white gneiss - pallid 
clay with quartz grit in matrix.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
6 7 Saprolite
Pale yellow and white fine grained saprolite.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
7 10 Saprolite
White fine grained saprolite.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
10 11 Saprolite
Pale yellow fine grained saprolite.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
11 12 Saprolite
Pale yellow micaceous clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
12 13 Saprolite
Yellow/brown fine gritty clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
13 14 Saprolite
Brown clay - sparse fine grits.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
14 15 Saprolite
Brown fine gritty clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
15 17 Saprolite
Brown fine gritty micaceous clay - minor quartz to 14mm with mica (muscovite?) attached.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
Page 1 of  2
Casing TypeHole Casing
 m
AGL 
m
Screen
 m
Material Screened Est. Yield SWL (m) SWL 2 (m) 
m3/d 08/06/2000
CLASS 12, 50MM PVC00MW03D 20.46 0.7 2 8-16 Gravel, Bentonite Seal 93 4.63
CLASS 12, 50MM PVC00MW03B 7.03 0.7 4 8-16 Gravel 4.66
Borehole 00MW03
UTM E354096.63 UTM N6842158.6 UTM RL276.59 UTM Grid:
RURAL TOWNS PROJECT
Hydrologist/Supervisor: RUSSELL SPEED
Town: MULLEWA
Notes/Location: Mid Slope
Date Drilled: 17/05/2000
Hole Depth (m): 20
Drill Method: RC
Hole Diameter: 141
Driller:
17 18 Saprolite
Saprolite grits - quartz + feldspar - 2-6mm, in brown clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
18 19 Saprolite
Coarse saprolite grits - only partially weathered crystalline basement.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
19 20 Crystalline Basement
Fractured crystalline basement.
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
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Casing TypeHole Casing
 m
AGL 
m
Screen
 m
Material Screened Est. Yield SWL (m) SWL 2 (m) 
m3/d 08/06/2000
CLASS 12, 50MM PVC00MW03D 20.46 0.7 2 8-16 Gravel, Bentonite Seal 93 4.63
CLASS 12, 50MM PVC00MW03B 7.03 0.7 4 8-16 Gravel 4.66
Borehole 00MW04
UTM E354425.43 UTM N6842201.0 UTM RL269.27 UTM Grid:
RURAL TOWNS PROJECT
Hydrologist/Supervisor: RUSSELL SPEED
Town: MULLEWA
Notes/Location: Lower Landscape, Below 
School Oval
Date Drilled: 18/05/2000
Hole Depth (m): 22
Drill Method: RC
Hole Diameter: 141
Driller:
From 
m
  To  
m
Geology Moisture Water 
Level
0 1 Soil/Alluvium
Pisolithic gravels in red/brown loam grading to light brown silty clay by 1m.
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
1 2 Soil/Alluvium
Light brown silty clay to grey gritty clay with some weak orange mottling.
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
2 2.5 Silcrete
Silcrete.
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
2.5 5 Indurated Saprolite
Yellow/brown cemented fine gritty clay (grits <1mm).
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
5 6 Saprolite
Pale yellow - cream clay (sparse fine grit).
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
6 8 Saprolite
Yellow - white fine gritty clay - fragments of feldspar with biotite mica.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','

08/06/2000
8 9 Saprolite
Pallid fine grained gritty clay saprolite.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
9 15 Saprolite
Yellow and white fine gritty clay (grits <1mm). Evidence of fabric (steeply dipping) in highly 
weathered fragments. Fragments becoming more competent with depth.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
15 16 Saprolite
As above with some orange mottling.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
16 17 Saprolite
Yellow and white fine gritty clay with more competent fragments showing gneissic fabric 
(steeply dipping.)
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
17 18 Saprolite
As above with some orange mottling. Water injected at 17.6m.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
18 20 Saprolite
Competent fragments of yellow and white weathered gneiss.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
20 21 Saprolite
Light brown fine gritty clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
21 21.9 Saprolite
Yellow/brown fine gritty clay then basement.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
Page 1 of  2
Casing TypeHole Casing
 m
AGL 
m
Screen
 m
Material Screened Est. Yield SWL (m) SWL 2 (m) 
m3/d 08/06/2000
CLASS 12, 50MM PVC00MW04D 22.71 0.7 2 8-16 Gravel, Bentonite Seal 0.7 6.13
CLASS 12, 50MM PVC00MW04B 7.08 0.69 4 8-16 Gravel 3.74
Borehole 00MW04
UTM E354425.43 UTM N6842201.0 UTM RL269.27 UTM Grid:
RURAL TOWNS PROJECT
Hydrologist/Supervisor: RUSSELL SPEED
Town: MULLEWA
Notes/Location: Lower Landscape, Below 
School Oval
Date Drilled: 18/05/2000
Hole Depth (m): 22
Drill Method: RC
Hole Diameter: 141
Driller:
21.9 22 Crystalline Gneissic Basement+  +  +  +  +  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
Page 2 of  2
Casing TypeHole Casing
 m
AGL 
m
Screen
 m
Material Screened Est. Yield SWL (m) SWL 2 (m) 
m3/d 08/06/2000
CLASS 12, 50MM PVC00MW04D 22.71 0.7 2 8-16 Gravel, Bentonite Seal 0.7 6.13
CLASS 12, 50MM PVC00MW04B 7.08 0.69 4 8-16 Gravel 3.74
Borehole 00MW05
UTM E354500.76 UTM N6842084.7 UTM RL269 UTM Grid:
RURAL TOWNS PROJECT
Hydrologist/Supervisor: RUSSELL SPEED
Town: MULLEWA
Notes/Location: Drainage Depression
Date Drilled: 18/05/2000
Hole Depth (m): 32
Drill Method: RC
Hole Diameter: 141
Driller:
From 
m
  To  
m
Geology Moisture Water 
Level
0 1 Soil/Alluvium
Red/brown loam with Fe pisoliths + (minor) quartz fragments.
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
1 2 Silcrete
Silcrete.
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
2 3 Saprolite
Crystalline quartz in siliceous cement. Matrix very hard.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','

21/05/2000
3 4 Saprolite
Weathered gneissic basement (white gneiss - clear steeply dipping fabric and orientation of 
crystal grains) cemented with silica. Very hard.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
4 5 Saprolite
As above grading to fine gritty white clay. (grits<1mm)
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
5 6 Saprolite
Fine gritty white clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
6 7 Saprolite
White heavy clay - few quartz grits/fragments.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
7 8 Saprolite
White heavy clay with large quartz fragments - quartz vein.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
8 9 Saprolite
White heavy clay - less quartz - smaller fragments - minor veins.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
9 11 Saprolite
White heavy clay - little to no grit or quartz.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
11 12 Saprolite
White to pale yellow fine gritty clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
12 14 Saprolite
White gritty clay - some orange/brown mottling (grits - 1-4mm)
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
14 16 Saprolite
White fine gritty clay (grits <1mm)
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
16 17 Saprolite
White fine gritty clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
Page 1 of  2
Casing TypeHole Casing
 m
AGL 
m
Screen
 m
Material Screened Est. Yield SWL (m) SWL 2 (m) 
m3/d 21/05/2000
CLASS 12, 50MM PVC00MW05D 32.62 0.7 2 8-16 Gravel, Bentonite Seal 13 2.43
CLASS 12, 50MM PVC00MW05B 6.56 0.71 4 8-16 Gravel 2.59
Borehole 00MW05
UTM E354500.76 UTM N6842084.7 UTM RL269 UTM Grid:
RURAL TOWNS PROJECT
Hydrologist/Supervisor: RUSSELL SPEED
Town: MULLEWA
Notes/Location: Drainage Depression
Date Drilled: 18/05/2000
Hole Depth (m): 32
Drill Method: RC
Hole Diameter: 141
Driller:
17 22 Saprolite
White fine gritty clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
22 23 Saprolite
White gritty clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
23 24 Saprolite
White fine gritty clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
24 27 Saprolite
White gritty (- 1-3mm) clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
27 28 Saprolite
Quartz grits (- 4-8mm) in white clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
28 29 Saprolite
Saprolite grits (- 4-8mm). Quartz plus minor fresh feldspar and biotite mica.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
29 30 Saprolite
Grits - fresh minerals more abundant.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
30 31 Saprolite
Grits - mainly quartz (- 2-5mm) (contaminated sample?).
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
31 32 Saprock/Basement
Grits - mainly quartz (- 2-5mm) in white clay return.
H  H  H  
H  H  H  
H  H  H  
H  H  H  
H  H  H  
H  H  H  
Page 2 of  2
Casing TypeHole Casing
 m
AGL 
m
Screen
 m
Material Screened Est. Yield SWL (m) SWL 2 (m) 
m3/d 21/05/2000
CLASS 12, 50MM PVC00MW05D 32.62 0.7 2 8-16 Gravel, Bentonite Seal 13 2.43
CLASS 12, 50MM PVC00MW05B 6.56 0.71 4 8-16 Gravel 2.59
Borehole 00MW06
UTM E354416.42 UTM N6842485.5 UTM RL269.86 UTM Grid:
RURAL TOWNS PROJECT
Hydrologist/Supervisor: RUSSELL SPEED
Town: MULLEWA
Notes/Location: Minor Ridge Northern Limit 
of Town.
Date Drilled: 19/05/2000
Hole Depth (m): 33.3
Drill Method: RC
Hole Diameter: 141
Driller:
From 
m
  To  
m
Geology Moisture Water 
Level
0 1 Soil
Pisolithic gravel (- 4-8mm) in red/dark brown clayey loam.
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
1 3 Soil
Very Hard. Pisolithic gravel (- 4-8mm) in red/brown lateritic duricrust.
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
3 4 Silcrete
Very Hard. Silcrete with some pisoliths and minor fine quartz.
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
4 5 Silcrete
Very Hard. Silcrete with a moist layer of pisolithic gravels (- 2-10mm) in brown loamy clay.
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
Moist
5 8 Indurated Saprolite
White silcrete - indurated saprolite (silicified) quartz grains (- 2-3mm) within white 
clay/silcrete matrix possible evidence of a sub horizontal gneissic fabric. Becoming soft 
toward 89m with a band of orange (mottled?) saprolite.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','

08/06/2000
8 9 Saprolite
Pale yellow, orange and white saprolite, quartz grains - 2-3mm.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
9 10 Saprolite
Pale yellow and white saprolite dominated by kaolin.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
10 12 Saprolite
Pale yellow, orange and white saprolite, quartz grains - 2-3mm.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
12 13 Saprolite
Predominantly orange, fine gritty clay (grits <=1mm).
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
13 14 Saprolite
Predominantly yellow, fine gritty clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
14 15 Saprolite
Yellow and brown fine gritty clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
15 17 Saprolite
Dirty yellow/green fine gritty clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
17 18 Saprolite
Dirty yellow/green fine gritty clay with occassional small fragments of fresher feldspar and 
quartz.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
18 20 Saprolite
Dirty yellow/green fine gritty clay - increasing evidence of relict crystalline structure.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
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Casing TypeHole Casing
 m
AGL 
m
Screen
 m
Material Screened Est. Yield SWL (m) SWL 2 (m) 
m3/d 08/06/2000
CLASS 12, 50MM PVC00MW06D 33.63 0.7 2 8-16 Gravel, Bentonite Seal 0.1 6.35
CLASS 12, 50MM PVC00MW06B 6.54 0.72 4 8-16 Gravel 4.76
Borehole 00MW06
UTM E354416.42 UTM N6842485.5 UTM RL269.86 UTM Grid:
RURAL TOWNS PROJECT
Hydrologist/Supervisor: RUSSELL SPEED
Town: MULLEWA
Notes/Location: Minor Ridge Northern Limit 
of Town.
Date Drilled: 19/05/2000
Hole Depth (m): 33.3
Drill Method: RC
Hole Diameter: 141
Driller:
20 22 Saprolite
Becoming harder - partially weathered crystalline basement. Quartz - 2-3mm with pale 
yellow clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
22 27 Saprolite
Partially weathered crystalline basement and yellow fine gritty clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
27 28 Saprolite
Greeny yellow fine gritty clay with competent fragments.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
28 29 Saprolite
Yellow fine gritty clay with competent fragments.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
29 33 Saprolite
Yellow fine gritty clay with comepetent fragments - feldspars becoming fresher.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
33 33.3 Crystalline Gneissic Basement
Greeny yellow clay then competent crystalline basement. Banded gneiss - 40% dark green 
mineral grains (- 2-4mm).
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
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Casing TypeHole Casing
 m
AGL 
m
Screen
 m
Material Screened Est. Yield SWL (m) SWL 2 (m) 
m3/d 08/06/2000
CLASS 12, 50MM PVC00MW06D 33.63 0.7 2 8-16 Gravel, Bentonite Seal 0.1 6.35
CLASS 12, 50MM PVC00MW06B 6.54 0.72 4 8-16 Gravel 4.76
Borehole 00MW07
UTM E354646.43 UTM N6842353.3 UTM RL265.72 UTM Grid:
RURAL TOWNS PROJECT
Hydrologist/Supervisor: RUSSELL SPEED
Town: MULLEWA
Notes/Location: Adjacent Drainage Line. 
Below Townsite
Date Drilled: 19/05/2000
Hole Depth (m): 13.2
Drill Method: RC
Hole Diameter: 141
Driller:
From 
m
  To  
m
Geology Moisture Water 
Level
0 1 Soil
Red/brown gritty loam (grits - 2-20mm - quartz, pisoliths, etc)
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
1 2 Soil/Saprolite
Hard ferricrete grading to light grey silcrete.
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
2 4 Silcrete
Silcrete - light grey with fine quartz grains (- <1mm)
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--

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4 5 Indurated Saprolite
White (indurated/silcified) clay with quartz grains, mostly - <1mm, some larger angular 
quartz (- 10-15mm).
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
5 6 Indurated Saprolite
Indurated/silicified fine gritty clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
6 7 Saprolite
Softer, fine pale yellow gritty clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
7 8 Saprolite
Fine gritty, pale yellow clay with orange mottling - gneissic fabric.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
8 9 Saprolite
Orange and yellow fine gritty clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
9 11 Saprolite
Orange, white and yellow fine gritty clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
11 12 Saprolite
Orange fine gritty clay - intersected quartz vein - fragments of quartz and feldspar.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
12 13 Saprolite
Yellow, clayey, quartz grits and large quartz fragments - very hard - quartz vein.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
13 13.2 Crystalline Quartz Basement##################
#########
#########
#########
#########
Page 1 of  1
Casing TypeHole Casing
 m
AGL 
m
Screen
 m
Material Screened Est. Yield SWL (m) SWL 2 (m) 
m3/d 08/06/2000
CLASS 12, 50MM PVC00MW07D 13.38 0.7 2 8-16 Gravel, Bentonite Seal 13 2.82
CLASS 12, 50MM PVC00MW07B 6.55 0.7 4 8-16 Gravel 2.66
Borehole 00MW08
UTM E354844.32 UTM N6842100.2 UTM RL271.84 UTM Grid:
RURAL TOWNS PROJECT
Hydrologist/Supervisor: RUSSELL SPEED
Town: MULLEWA
Notes/Location: Mid Slope-Below Catholic 
Church. On High Side of 
Church School Oval.
Date Drilled: 20/05/2000
Hole Depth (m): 3
Drill Method: RC
Hole Diameter: 141
Driller:
From 
m
  To  
m
Geology Moisture Water 
Level
0 1 Soil
Red brown loamy sand with ironstone and quartz grits (- 2-4mm).
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
1 2 Soil
Hard lateritic duricrust - pisoliths up to 25mm.
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
O--O--O--
2 2.9 Saprolite
Indurated gneissic saprolite. Steeply dipping fabric. Yellow, orange and red mottling.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
2.9 3 Crystalline Basement
By 3m - extremely hard - has all the appearance of competent crystalline gneissic 
basement.
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
Page 1 of  1
Casing TypeHole Casing
 m
AGL 
m
Screen
 m
Material Screened Est. Yield SWL (m) SWL 2 (m) 
CLASS 12, 50MM PVC00MW08B 3.33 0.7 2 8-16 Gravel
Borehole 00MW09
UTM E354462.31 UTM N6842106.5 UTM RL269.02 UTM Grid:
RURAL TOWNS PROJECT
Hydrologist/Supervisor: RUSSELL SPEED
Town: MULLEWA
Notes/Location: Drainage Depression
Date Drilled: 20/05/2000
Hole Depth (m): 34.5
Drill Method: RC
Hole Diameter: 141
Driller:
From 
m
  To  
m
Geology Moisture Water 
Level
0 2.5 Soil
Red brown loamy clay.
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO

21/05/2000
2.5 3 Saprolite
Indurated saprolite - drilled throuth quartz vein - hard.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
3 5 Saprolite
Indurated (silicified) saprolite.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
5 6 Saprolite
White and pale yellow fine gritty (- <1mm) clay.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
6 22 Saprolite
White fine gritty clay (grits- <1mm). Between 10-11m drilled through quartz vein.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
22 25 Saprolite
White gritty clay (grits - 1-2mm)
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
25 32 Saprolite
White fine gritty clay (grits - <1mm). Estimated yield at 30m during drilliing -.38m3/day.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
32 33 Saprolite
Becoming hard - fragments of partially weathered gneissic basement - decomposed 
feldspars. Saprolite grits.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
33 34 Saprolite
Soft - pale green - yellow fine gritty clay (grits- <1mm).
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
34 34.4 Saprolite
Hard pale green - yellow clay with abundant grit then competent banded geniss - mafic 
minerals interbandded with quartz and feldspar. Estimated yield during drilling at 34.5m -
77m3/day.
H  H  H  
H  H  H  
H  H  H  
H  H  H  
H  H  H  
H  H  H  
34.4 34.5 Crystalline Gneissic Basement+  +  +  +  +  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
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Casing TypeHole Casing
 m
AGL 
m
Screen
 m
Material Screened Est. Yield SWL (m) SWL 2 (m) 
m3/d 21/05/2000
CLASS 12, 50MM PVC00MW09D 33.59 0.7 4 8-16 Gravel, Bentonite Seal 15.5 2.3
CLASS 12, 50MM PVC00MW09B 6.53 0.69 4 8-16 Gravel 2.67
Borehole 00MW10
UTM E354675.16 UTM N6841944.3 UTM RL274.06 UTM Grid:
RURAL TOWNS PROJECT
Hydrologist/Supervisor: RUSSELL SPEED
Town: MULLEWA
Notes/Location: Mid Slope. Adjacent Main 
Road.
Date Drilled: 20/05/2000
Hole Depth (m): 9
Drill Method: RC
Hole Diameter: 141
Driller:
From 
m
  To  
m
Geology Moisture Water 
Level
0 1 Colluvium
Grey/brown gritty loam (grits - 2-20mm, mixed lithology).
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
1 2 Saprolite
Brown, very gritty loam. Mainly quartz fragments broken up by drill bit.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
2 5 Saprolite
Fractured grit/rock - crystalline gneissic basement.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
5 6 Saprolite
Yellow brown clay and fractured fragments of gneissic basement.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
6 8.9 Saprolite
Green brown gritty clay - grits (- 2-20mm), fragments of gneissic crystalline basement.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','

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8.9 9 Crystalline Basement
Competent crystalline gneissic basement.
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
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 m
AGL 
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Material Screened Est. Yield SWL (m) SWL 2 (m) 
08/06/2000
CLASS 12, 50MM PVC00MW10B 9.14 0.7 4 8-16 Gravel 8.7
Borehole 00MWP1
UTM E354464.01 UTM N6842087.4 UTM RL269.21 UTM Grid:
RURAL TOWNS PROJECT
Hydrologist/Supervisor: RUSSELL SPEED
Town: MULLEWA
Notes/Location: Drainage Depression
Date Drilled: 21/05/2000
Hole Depth (m): 32
Drill Method:
Hole Diameter: 141
Driller:
From 
m
  To  
m
Geology Moisture Water 
Level
0 2 Soil
Red brown silty loam.
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
OOOOOO
2 3 Indurated Saprolite
red brown hard pan grading to indurated (silicifed) saprolite.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','

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3 5 Indurated Saprolite
Light grey indurated saprolite - yellow and orange mottling (quartz- 1-2mm).
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
5 6 Saprolite
Cream fine gritty clay (grits <1mm). Relict crystalline fabric in highly weathered fragments 
not destroyed by drill bit.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
6 7 Saprolite
Yellow and orange mottled white gritty clay (quartz- 1-4mm)
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
7 27 Saprolite
White fine gritty clay (grits -<1mm). From 10-11m and 13-14m Tinge of yellow mottling. 
From 15-16m Pale grey and white. From 20-21m Evidence of crystalline fabric in highly 
weatherd fragments not destroyed by drill bit.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
27 29 Saprolite
White gritty clay (grits- 1-3mm)
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
29 31.9 Saprolite
White gritty clay (grits- 2-10mm, some larger) Coarser grits becoming more frequent with 
depth.
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
,',',',',',',',',','
31.9 32 Gneissic Basement
Competent crystalline basement. Banded gneiss - mafic minerals interbanded with quartz 
and felspar. Estimated yield at completion of RC drilling from 32m - 86m3/day.
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
+  +  +  +  
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Casing TypeHole Casing
 m
AGL 
m
Screen
 m
Material Screened Est. Yield SWL (m) SWL 2 (m) 
m3/d 08/06/2000
CLASS 9, 125MM00MWP1 30.14 0.5 24 8-16 Gravel 37 2.56
